anesthesia (OR = 15.75; 95% CI = 1.83-135.1; p = 0.019). CAP was more likely to happen during left-sided than right-sided IJVCA (OR = 5.98; 95% CI = 1.29-27.59; p = 0.022). In addition, left-sided attempts considerably increased the risk for multiple cannulation attempts (OR = 2.782; 95% CI = 1.342-3.965; p ! 0.01). Also, manifold cannulation attempts were more frequent if the IJVCA was performed before induction of anesthesia (OR = 4.219; CI = 1.579-11.271; p = 0.004). Conclusions: Our results strongly suggest that left-sided, multiple IJVCAs, performed under emergency conditions in conscious patients in the operating room, represent considerable risks for possible CAP.
Introduction
Central venous catheters (CVCs) are indwelling devices for daily clinical practice for treatment of several diseases [1] . Despite their utility, placement of CVCs is associated with potentially severe complications, which at times can be fatal. Severe vascular complications are not always easy to recognize. Generally, they are divided into mechanical, infectious and thromboembolic com-plications. Mechanical complications are important because they are usually immediate and associated with a significant mortality rate. In addition, these complications may increase the length and costs of hospital stay as well as the need for subsequent interventions [2] . However, ultrasound-guided technique has been shown to be useful in obtaining successful catheterization with a reduced complication rate [3] [4] [5] . Because of these studies, nearly 10 years ago, the US Agency for Healthcare Research and Quality Evidence Report recommended that all central cannula placements should be guided by realtime ultrasound. Unfortunately, these recommendations are not widely followed in practice.
CVC placement in the internal jugular vein (IJV) is the most frequently used approach. The insertion procedure is relatively simple: the route by which the guide wire is advanced is comparatively straight and catheterization of the jugular vein has relatively few early complications. Hence, CVC insertion into the IJV has comparative advantages to placement attempts at other puncture sites when rapid insertion is required. The most common mechanical complication associated with internal jugular vein cannulation attempts (IJVCA) is carotid artery puncture (CAP), due to its close proximity to the IJV [6] as evidenced by the report of Ruesch et al. [7] , in which arterial puncture occurred significantly more frequently with the jugular approach compared to the subclavian approach (3.0 vs. 0.5%, RR 4.70, 95% CI = 2.05-10.77).
Several studies have identified factors associated with CAP following CVC placement, including low or high body mass index, prior catheterization, prior surgery, prior radiotherapy, advanced age and the time needed for catheter placement [8, 9] . In this retrospective observational study we analyzed CAP as an early complication associated with IJVCA and sought to elucidate the relationship between certain risk factors and the complication rate.
Subjects and Methods
This study was conducted at the Clinic for General Surgery of the University Hospital of the Medical School of Nis, an urban teaching hospital where approximately 5,000 operations are performed per year, including abdominal, thoracic, vascular and colorectal surgeries. Generally, more than 4,000 of these procedures are elective, whereas the remaining 1,000 are emergency operations. The study was approved by our Medical Center Institutional Review Board.
Our medical records consisted of 86 IJVCA procedures performed exclusively in the operating room over a 1-year period. Patients included in this study were 18-75 years old, both male and female. The CVCs were placed by experienced anesthesiologists defined as having previously placed at least 60 IJVCs independently.
All catheters were inserted using the Seldinger technique. Based on the physician's preference, the IJV was cannulated either by the anterior or posterior approach. After anatomical landmarks were visualized, the skin was prepared with chlorhexidine and draped. The catheters were introduced during exhalation to minimize the possibility of air embolization and artificial pneumothorax. Triple-lumen central vein catheters of 7-8 Fr and 30 cm in length (Certofix , B. Braun Melsungen AG, Germany) were used. Catheter position was confirmed preliminarily by free venous blood return, free flow of fluid through all ports and pressure conduction. A monitoring set (Combitrans , B. Braun Melsungen AG) was used for measuring central venous pressure. Maximum central venous pressure was regarded as 25 mm Hg and pressure above 25 mm Hg was considered a possible sign that the needle was in the artery. This fact was confirmed by disconnecting the syringe from the needle, followed by pulsatory back flow. After insertion, the CVC was sutured into place and covered with a sterile dressing. All patients routinely had a chest radiograph for definite confirmation of the position of the CVC. Ultrasound was not used in any of the procedures.
A cannulation attempt was defined by the number of skin punctures, and the number of percutaneous attempts was recorded. IJVCAs were defined either as an emergency procedure if the anesthesiologist concluded that any delay would be harmful to the patient. The time relationship between induction of anesthesia and cannulation attempt was defined as the time before and after induction of anesthesia.
Age, gender, procedural characteristics, and incidence of carotid artery puncture were obtained from medical records. By our institution's protocol, all items associated with anesthesia including conditions of central venous cannulation attempts and the occurrence of related complications were required to be recorded and well documented in the aforementioned form. Patients were divided into two groups according to age, those under and over 65 years of age. Procedure characteristics were puncture side, number of percutaneous attempts and circumstances of the procedure (defined as elective or as an emergency, and the time before or after induction of anesthesia). The database was analyzed by a statistician who is a co-author.
Statistical evaluation was performed using SPSS 10.0 for Windows (SPSS Inc., Chicago, Ill., USA). A p value of 0.05 from Fisher's exact test was considered to be a statistically significant difference. Logistic regression analysis was applied for prediction of complications by the procedure's characteristics and the influence of gender and age on the complication rate. Associations were described by odds ratios (OR).
Results
Patient characteristics are presented in table 1 . There were 64 right-sided IJVCAs and 22 left-sided IJVCAs. Thirty-two (37%) of all catheters were placed during emergency procedures. Of all IJVCAs, 72 (over 83%) were successful after a single attempt, and 14 (16%) required two or more attempts for successful placement. Overall CAP rate was 8 (9.3%). CAP was not significantly associated with patient's age (p = 0.11) and gender (p = 0.76), but among patients with complications, 5 (62.5%) were older than 65 years.
Considering the patients in whom CAP occurred, we discovered that the site of the puncture significantly affected the complication rate. In fact, the complication rate was higher among patients with left-sided IJVCA (n = 5, 62.5%) compared to right-sided IJVCA (n = 3, 37.5%, p = 0.022). Placement of CVC under emergency conditions also led to a greater number of complications (n = 7, 87.5%) than elective procedures (n = 1, 12.5%, p = 0.014). Patients who were not under anesthesia had a higher complication rate as well (n = 7, 87.5%, p = 0.012). The number of attempts was significantly associated with the complication rate. IJVCAs requiring a single puncture had a complication rate of 25%, whereas two or more attempts had a complication rate of 75.0% in patients with CAP ( table 2 ) .
Univariate logistic regression analysis showed that multiple attempts were the strongest risk factor for complications ( table 3 ) . Also, multiple cannulation attempts were more frequent if the IJVCA was performed before induction of anesthesia (OR = 4.219; CI = 1.579-11.271; p = 0.004). CAP was more likely to happen during leftsided IJVCA. Moreover, left-sided attempts increased the risk for multiple percutaneous attempts (OR = 2.782; 95% CI = 1.342-3.965; p ! 0.01). Placement of CVC under emergency conditions increased the risk of complications several times. There was no need for surgery to be postponed as a result of CAP since there were no clinically important adverse events associated with CAP.
Discussion
Our overall puncture rate of the internal carotid artery of 9.3% is within the range of previous studies of 5-19% [9] [10] [11] . In the study by Schummer et al. [11] of the mechanical complications of central venous cannulation, arterial punctures occurred more often in the IJV approach than in the subclavian approach. In the study by Sulek et al. [12] , the carotid artery was punctured in 10 of 60 (17%) patients, who were undergoing elective abdominal, vascular, or cardiothoracic surgery under anesthesia and mechanical ventilation.
Four factors were found to correlate with the complication rate: placement of CVC under emergency conditions, cannulation attempt before or after induction of general anesthesia, number of percutaneous punctures per attempt and left-sided IJV approach. A probable explanation for complications associated with the placement of CVC under emergency conditions is due to stress. However, other studies [13, 14] reported a complication rate that was even lower in emergency situations because the most experienced operator immediately available assumes responsibility. Although the use of ultrasound can facilitate cannulation of the IJV performed in Emergency Departments, acute adverse events have been reported in approximately one fifth of ultrasound-guided internal jugular central line attempts with an accidental CAP rate of 2% [15] . CVC placement under emergency conditions, attempted in 87.5% of the patients in whom complications occurred, represents a statistically significant risk compared to CVC attempts during elective procedures.
The number of cannulation attempts before or after induction of general anesthesia affected the complication Nu mbers with percentages in parentheses. BIA = Before induction of anesthesia; AIA = after induction of anesthesia.
rate. When IJVCA was performed while preparing for surgery on a conscious patient the risk of CAP increased 15 times compared to patients who were under anesthesia, most probably because conscious patients are able to move during the procedure. Alert patients sometimes did not cooperate, which then led to multiple attempts. Patients who are under anesthesia are completely relaxed and unable to move. It is obvious why the number of percutaneous punctures per attempt was 4 times higher in the group of patients who were not under anesthesia.
The number of percutaneous punctures per attempt was also significantly associated with the complication rate, similar to findings in other studies [8, 10] in which the complication rate was 4.3% for one puncture, 10.9% for two percutaneous punctures, and 24.0% for three or more attempts [8] . These results were found in a prospective randomized trial of ultrasound-guided location of the subclavian vein compared to a standard CVC insertion procedure [8] . Ultrasound was also shown to significantly reduce the total number of punctures per attempt when emergency central access was required [16] . Schummer et al. [11] pointed out that the risk of mechanical complications increased nearly 10 times with two attempts, and that the majority of mechanical complications occurred in procedures involving more than two attempts. This was also confirmed by our data in which attempts requiring two or more percutaneous punctures had a 75% rate of CAP. Hence, some authors discouraged more than two percutaneous punctures by the same anesthesiologist at the same place [8] .
The higher complication rate associated with our leftsided IJV approach is in agreement with the data available in the literature, where the right-sided approach is preferable because the right IJV is shorter and straighter than the left. Furthermore, a recent study [17] concerning the use of axial computed tomography slices found that both vertical and horizontal diameters of the right IJV were significantly larger than those of the left IJV (1.51 8 0.41 vs. 1.13 8 0.34 cm). In the same study, the right IJV was also found to run more superficially than the left IJV. Here, the high rate (62.5%) of complications in patients for whom CVC placement was attempted on the left side could be attributed to the fact that most of our operators were right-handed. A right-handed operator may have greater difficulty inserting a left-sided line. These findings are in accordance with the study by Sulek et al. [12] , who reported that cannulation of the left IJV was more time-consuming, required more attempts, and was associated with a greater number of complications compared to the right side.
Patient characteristics were not associated with CAP, but among patients with CAP, 62.5% were more than 65 years old. Variant anatomy of the IJV has been documented for elderly, uremic, cancer and pediatric patients [18] . The elderly have a greater overlap of the IJV and carotid artery due to the carotid artery becoming tortuous and elongated with increasing age. The most common variation is the IJV overlying the carotid artery [19] . In an ultrasound study involving 1,009 patients, Trionans et al. [19] demonstrated that age over 60 years is a predictive factor for IJV variation. Eisen et al. [20] , however, failed to establish a correlation between a patient's age and the complication rate. This study involved 385 consecutive femoral, subclavian and internal jugular CVC attempts.
Conclusion
Considering the placement of CVC in operating rooms, our results strongly suggest that left-sided and multiple IJVCAs, performed under emergency conditions in conscious patients, should be considered risk factors for possible carotid artery puncture. Numbers with percentages in parentheses. AIA = After induction of anesthesia; BIA = before induction of anesthesia.
